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PARITY NON-CONSERVING EFFECTS IN nγ-REACTIONS
Nearly 20 years have passed since that time. P-violating effects have been detected and measured in a number of nuclear processes, from the electromagnetic decay of polarized and unpolarized nuclei to heavy nucleus fission and neutron optics.
As for the n'F -reactions, all the information on such effects available until recently is limited by the data listed i n Table 1 , which includes two well-known cases of '" Cd and 'I7 Sn, a less known case representing a preliminary result on JS C l , and results obtained in studies of the np+d6 and Rd-tb reactions i n LETPI (Academy of Sciences of the USSR) and Institute hue-Langevin (Grenoble). Table 1 . P-violating effects in PJ -reactions (data as of 1 July
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Note: The effects observed in the total and radiative cross sec- tions of neutron nucleus interaction revealed in LNPI /10,11/ are not considered here since they are of a somewhat different nature.
This situation can be apparently attributed to difficulties which seemingly should inevitably face experimenters engaged in corresponding studies. Indeed, it was earlier believed that success of EEI experiment was determined to a considerable extent by a lucky selection of a nucleus to be studied (and for the given nucleus, of a suitable r -transition as a rule,of multipolarity MI) whose structural factors would result in a substantial enhancement of the bare effect (its magnitude being small, i. e . on the order of lo7 .
Xext, one had to isolate reliably this 6-transition, since otherwise the matrix elements of transitions to different spin states having opposite signs may cancel one another thus resulting in a zero net effect. (In the case of measuring the asymmetry of r-ray transmission, the situation is aggravated by the existence of the so-called spin-factor). While the isolation of a desired r-transition against the background of a complex spectrum from an q -m + action is in itself a hard experimental problem, it entails also a substantial reduction of count rate, with the results that the time required to obtain statistically reliable data may take up, as a rule, several months, These considerations seemed to imply that one can hardly expect a noticeable effect for most nuclei, particularly in y -reactions with predominantly El transitions for which the so-called kinematic enhancement factor ( -V/G ,where v is the velocity of nucleons in the nucleus and c is the velocity of lightlacts in the opposite direction. As for an attempt of looking for P-violating effects in a group of closely lying t -lines without their separation, this seemed totally hopeless.
Last year this viewpoint which appeared to be only natural has quite unexpectedly been invalidated in experiments carried out on the W P I reactor /12/. It has been found that even under conditions of integral T-ray recording when the spectrum of an q-reaction contains hundreds of t -transitions the P-violating effects do not vanish in some cases and may even be comparatively large (lo-' ) , no matter what transitions, MI or El, are predominant.
Two P-violating effects were measured simultaneously:
-the asymmetry of T -emission with respect to the spin of the captured polarized neutron;
-the circular polarization in the radiative capture of unpolarized thermal neutrons.
The apparatus used in the asymmetry measurement is typical for such experiments. A beam of tr-ansversely polarized neutrons from a polarizing neutron guide A " 2 . 7~ passed through the sample under study with scintillation detectors placed on both %ides of it.
The asymmetry was looked for in the form,
where CLr is the asymmetry coefficient, o the neutron spin, and the b-photon momentum. One measured the relative change in the intensity of T-rays detected by the scintillators associated with the neutron spin flip which was effected once every two seconds by means of a high frequency acliabatic flipper.
The values of the asymmetry coefficient Qr obtained in this way and corrected for the background-present beam polarization and average cosine of the angle between o and 2' are listed in the last column of Table 11 . The targets under study were placed into a light-water neutron trap at the center of reactor core, protected from -radiation from the latter by lead screens. The targets represented mixtures of the corresponding compound (NaC1, NaBr, La 03) with graphite powder packed in an air-tight zirconium cylin8er. In the case of Sn, Cd, Zr and Pb a metal target was used. '6 -rays from the target were led out through reactor tank water by means of a collimating channel to a polarimeter located above the reactor. The effect was derived, as usually, from the relative variation of the r -ray intensity resulting from the polarimeter remagnetization which was performed once every two seconds : 8 =~(I+-I'>/(I++z')-
The circular polarization was found as Pr-6 / & ,where 8 is the polarization efficiency equal to 5%. The results of these measurements are presented in the first column of Table 11 . Nonzero circular polarization was found for the three nuclei revealing also a nonzero asymmetry, i. e. chlorine, bromine and lanthanum as well as for a natural tin sample on which the asymmetry was not measured. If, however, the circular polarization thus found is recalculated for one isotope assumin8 all the effect obtained on natural tin to be due to the isotope Sn (this assumption appears to be justified if we compare the rotation of the plane of polarization for neutrons passing tPrough natural tin and tin-117 samples /17/ it turns out to be (8.1-2.4)x10-~ whereas practically no asymmetry has been ptheor. The possible contribution of r-quanta from the reactor core and structural materials of the screens and targets (i.e. lead and zirconium) was checked in control experiments carried out with corresponding targets and was not observed. The circular polarization
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found cannot be also due to bremsstrahlung from the P -decay of nuclei produced in neutron capture by the isotopes of the natural abundance mixture used in targets or by impurities, which is supported both by the corresponding calculations and by results of measurements performed after each reactor shutdown when there is no -ray backgroud from the bg -reaction and thus the effect of the bremss trahlung should be enhanced.
Thus the existence proper of relatively large lo-' -lo4 P-violating effects in the integral spectrum of n~ -reactions on a number of nuclei has been reliably established by two independent methods.
As for its theoretical interpretation, it should be noted before mentioning the first attempts in this direction that it is made difficult by the absence of complete and reliable data on the spectra of neutron capture
.s -rays from the nuclei in question. In circular polarisation measurements which seemingly should lend themselves more readily to interpretation because of the absence of the abovementioned spin factor this point is particularly essential Both publications make use of a statistical approach which assumes complete statistical independence of the matrix elements for --transitions between different states. Under these conditions the average (i.e. experimentally measured) magnitude of the effect turns out naturally to be zero, so that calculations yield only an rms estimate of the effect, and it is this estimate that is presented in Fable I1 together with the experimental data.
If we follow Sushkov and Flambawn /13/ and consider the results of the calculations as na very crude estimatew, one has to admit that they agree quite well with the experiment. A more careful analysis shows that these calculations /13/ systematically underevaluate the effect, particularly if we take into account that the contribution from the cascade -rays shouldreduce the theoretical estimate still further by a factor 2 to 3, which is admitted by Sushkov and Flambaum /13/.
The results of ref./l4/ agree, on the whole, even better with experiment, however for some nuclei they also exhibit a discrepancy which in the case oftin reaches a factor of -6. Note that Bunakov et a1./14/ used in their calculation radiative force functions S r (El) and Sr (MI) which describe satisfactorily hard F-transitlons in a number of spherical nuclei. However the validity of their application for the nuclei studied by us is not obvious. Alternative theoretical approaches to this problem assume the existence of a certain coherence in PNC effects, i.e. a correlation between the matrix elements of transitions between different states.
One may conclude this part of the report by saying that apparently there is still no adequate description of the PNC effects in integral spectra and one has to continue theoretical and experimental work along these lines which hopefully will provide a deeper insight into the nature of enhancement of the PNC effects and properties of highly excited nuclear states.
The second part of the report deals with a new experiment on the measurements of the circular polarization of T -rays from the nQ-4d.r reaction. This elementary reaction is related to few-nucleon systems whose theoretical interpretation should seemingly be simpler and more reliable. At the same time if one looks carefully at Table I11 (taken from ref. /9/) listing the results of experiments and theoretical calculations for all the few-nucleon systems studied up to now good agreement between theory and experiment will be evident for pp -scattering only. Table 1II In the case of ltd -scattering and asymmetry in the *f -capture process the experimental accuracy is insufficient to permit a definite conclusion, while in the other cases serious discrepancy between the calculations and measurements can be seen to exist.At the same time it should be pointed out that the theoretical figures for the effects presented in the Table were calculated using the meson--nucleon coupling constants which describe quite satisfactorily a broad class of PNC experiments carried out at low excitation energies. This situation is possibly determined by the smallness of the effect involved there being no grounds for expecting its enhancement. An additional difficulty encountered in studying radiative capture of thermal neutrons is the existence of ever present PNC effects in complex nuclei which has been demonstrated in the preceding section of the report and will be discussed below. The first experiment on the measurement of the circular polarization of f-rays from the t»p-»dT reaction completed in LNPI in 1971 has yielded 11/ P r = -(1.30+0.45) x 10"* which exceeds by almost two orders of magnitude the theoretical prediction. Numerous attempts at a theoretical interpretation of this result have not met with success Note also that its statistical reliability is only three standard deviations.
The general scheme of the new experiment remained essentially the same (Pig. 1), in that as a proton target water of the reactor first circuit at the core center is used. The enhancing of intensity of thermal neutron flux in the water cavity produces a very strong source of tvp -capture if-rays of -» 10 w Vs. Gamma rays from the source are led out through a collimating channel to a transmission type polarimeter, its diamond-shaped absorber (see Pig.2) being magnetized by two 200 A coils. To obtain reliable results, two formidable problems have to be solved: 1. To remove the contribution from the core f-rays polarized at a level of 10" 3 due to the bremsstrahlung radiation of electrons emitted by uranium fission fragments in fuel elements (it should be recalled that the polarization looked for is on the order of 10*' ); 2. To compensate for reactor power fluctuations which at the polarimeter switching frequency (1 Hz) are of order ~-10" s , while the statistical fluctuations in the count of y -rays recorded in the detector are about 100 times smaller. To solve the first problem, the water cavity is screened by lead shields with the total thickness brought up to 80 mm. A new method was employed in this experiment to compensate for reactor power fluctuations. Earlier one used for this purpose a monitoring detector mounted beneath the polarimeter, its signal being subtracted from the signal of the main detector. Because of different geometric arrangement of the two detectors total cancellation of the fluctuations could not be achieved in principle. Besides, the smaller efficiency of the monitoring detector (it could not be made thicker because of the absorption involved) increased the statistical error by about 20 %.
In the new experiment, the polarimeter is divided into two equivalent sections arranged at the same level symmetrically with respect to the beam and magnetized in opposite directions. Gamma-rays passing through each section are detected by separate scintillation detectors made up of identical CsI (91 ) crystals operating in the integral mode.
In the subsequent subtraction of the current signal of one detector from that of the other, the in-phase part of the signals due to reactor power fluctuations is subtracted while the signals of interest due to the circular polarization of T -rays should add since the two polarimeter sections are oppositely magnetized.In this way a practically complete compensation, down to the statistical level, has been achieved.
The associated electronics employs C A U C crates.
The sensitivity of the apparatus to polarization has been increased by a factor of two compared with the first experiment and brought to a level corresponding to an error in Pr measurement of 2 1.3 x per day.
Neasurements were started with a double lead screen surrounding the water cavity of total thickness 60 mm, just as in the first experiment.
The results of the main (with water in the cavity) and control experiments are given in the first column of Table IV . However in contrast to the first experiment /7/, the same result, within experimental accuracy, was observed also in the control measurements with the graphite and boron targets, PrCC+B) = -(I. 40 t 0.20) x lod6 ,indicating a spurious effect which could be due to the core .6 -ray contribution.
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To check this assumption, a third external screen consisting of dia.36 mm aluminium pipes filled with lead was added. The results obtained after this are presented in the second column of Table IT . The effect is seen to have disappeared (or, at least, to have dramatically reduced)in control experiments, however it is no more present in the water target measurements as well. at a 90% confidence level. The final measurements were carried out with a new three-layer solid screen of total thickness 80 mm in lead using in place of graphite in the control experiment heavy water which has the same scattering and absorbing characteristics for -rays as H20. The results of these measurements are given i n the last column of Table IV. An analysis of all the data presented in Table IV taking into account the effect observed with the C, 'OB and D20 targets yields for the circular polarization of -rays i n the np -r %process a value Py = (1.8 2 1 . 8 ) x The effect observed in the first experiment was most probably due to residual penetration of core -rays through the cavity screw The zero result of the graphite target control experiment ( &(c)= (0.01 2 0.16) x lo-') could be due to the presence of an uncontrolled impurity (say, chlorine, at a --lo-* wt % level) possessing a large P-violating effect in the radiative neutron capture process (see part one of the report) which could bring about compensation of the core -ray contribution. There were no grounds then to assume that an impurity could affect substantially the integral spectrum.
Thus new experiments have on the one hand, permitted us to reconcile the theory with the np + dr process, and on the other, revealed a remarkably high wsurvivabilityn of the P-violating effects in nr -reactions under integral detection of ij--rays.
